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The  energy  crisis  and  climate  change  are  being  the  global  challenge  for  the  present  debate  since  the 
world  is  in  need  of  a  green,  efficient,  carbon-neutral  energy  source  to  replace  fossil  fuels.  Bio-  gas, 
produced  by  biomethanation  from  organic  materials,  contributes  to  durable,  reliable  and  renewable 
energy.  Production  of  bio  methane  from  vegetable  wastes  provides  a  flexible  carrier  for  renewable 
energy;  methane  can  be  used  as  a  substitute  fuel  for  both  heat  and  power  production.  In  this  context,  the 
Indian  Government  invited  the  support  of  the  private  sectors  as  before,  for  the  development  and 
utilization  of  Eco-friendly  new  and  renewable  sources  of  energy  to  cover  the  demand.  The  paper  also 
reviews  the  current  state  of  vegetables  purposes  for  bio  methane  production,  including  their  preparation 
methods  and  performance.  The  vegetable  wastes  for  bio  methane  production  are  presented  and  their 
main  advantages  described  in  comparison  with  the  other  available  method  of  mixture  of  vegetable 
wastes  for  methane  production.  The  waste  generated  may  cause  health  hazards,  so,  setting  up  a  waste 
treatment  plant  based  on  biomethanation  process  is  the  solution  to  use  the  technology  to  generate 
electricity. 
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1.  Introduction 

The  energy  sector  has  been  playing  an  important  role  in  the 
*  Corresponding  author.  environment  of  the  global  economy  as  well  as  the  socio  economic 
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rate  of  2.3%  per  year.  The  Energy  Information  Administration  (EIA), 
estimated  that  the  primary  sources  of  energy  consisted  of  petro¬ 
leum  36.0%,  coal  27.4%  and  amounting  to  86.4%  share  for  fossil 
fuels  in  primary  energy  consumption  in  the  world  [1].  The  global 
energy  demand  for  non-renewable  resource  created  approxi¬ 
mately  39,375  exa  joule  (=  1018  joule)  focusing  on  the  current 
scenario  the  economically  improved  energy  demand  is  growing 
approximately  around  88%  of  demand  on  the  fossil  fuels.  With 
current  scenario  energy  calamity  and  change  in  climate  are  key 
issues  all  over  the  world.  There  will  be  a  severe  demand  for  energy 
in  the  next  few  decades  [2],  In  this  time,  concentrations  of 
greenhouse  gases  in  the  atmosphere  are  increasing  rapidly,  with 
fossil  fuel-derived  C02  emissions.  In  order  to  decrease  the  global 
warming  and  climate  change  impacts,  C02  emissions  must  be 
below  the  part  of  global  emission  levels  of  1990  [3], 

As  fossil  fuel  resources  are  limited  and  their  demand  is  high, 
this  gap  would  be  met  with  the  energy  generation  resources.  One 
of  the  feasible  renewable  energy  sources  in  support  of  India  is 
from  biomass. 

Biomass  availability  in  the  country  is  high  as  150  tons  per 
annum.  Production  of  biomass  would  slow  down  the  climate 
change,  that  contributes  to  reduce  the  greenhouse  emissions  [4], 
The  use  of  fossil  fuel  is  an  important  energy  source  for  global 
climate  change,  environmental  degradation  and  human  health 
problems  [5],  Global  climate  change  will  predictably  show  the  way 
to  drought,  flooding,  increases  in  hurricanes  and  tornadoes  and 
possibly  failures  on  global  warming  [6],  Security  of  energy  supply, 
especially  sustainable  energy  and  reduction  of  priorities  are  the 
agenda  in  worldwide. 

In  today’s  world,  there  has  been  a  shift  in  focus  to  renew 
supplies  from  wastes,  which  are  found  in  abundance  as  a  by¬ 
product  of  any  process.  India’s  population  is  widely  expanding.  In 
lieu  of  this,  it  is  appropriate  to  conceive  the  fact  of  waste 
generation  [7],  Liveliness  is  an  essential  need  for  human  existence. 
Scarcity  of  energy  through  fast  depletion  of  fossil  fuels  and  the 
increase  in  requirement  for  energy.  India  ranks  sixth  in  the  world 
for  energy  demand  with  total  energy  consumption  of  around  480.4 
million  tonnes,  of  that  46%  are  from  biomass  energy  [8]  and 
accounting  for  3.5%  of  world  commercial  energy  demand.  In  recent 
times  when  fossil  fuels  are  gradually  depleting  in  addition  to  rising 
costs  and  instability  in  the  developed  countries,  renewable  energy 
has  become  the  best  alternatives  for  sustainable  energy  develop¬ 
ment  [9-10], 


2.  Biomethanation  process 

2.1.  Anaerobic  digestion 

In  the  bio-methanation  process,  the  organic  waste  is  converted 
into  methane  and  enriched  manure  by  a  large  consortium  of 
microorganisms  in  the  absence  of  air,  also  known  as  anaerobic 
digestion  [11].  Anaerobic  digestion  is  a  biological  process  in  which 
untreated  material  is  decayed  by  bacteria  in  the  lack  of  air  to  yield 
methane  and  carbon  dioxide.  The  universal  technology  of  anaero¬ 
bic  digestion  of  complex  organic  matter  is  well  known  municipal 
and  industrial  waste  treatment  to  stabilize  organic  wastes.  The 
anaerobic  process  is  more  beneficial  because  the  aerobic  method 
in  organic  waste  treatment  and  the  high  degree  of  waste  stabiliza¬ 
tion,  low  manufacture  of  excess  biological  sludge,  low  nutrient 
prerequisite  and  high  production  of  methane  gas  [12], 

Anaerobic  digestion  (AD)  is  a  process  in  which  the  microorgan¬ 
isms  break  down  the  biodegradable  material  in  the  absence  of 
oxygen.  Anaerobic  digestion  may  be  used  to  treat  various  organic 
wastes  and  recover  bio-energy  in  the  form  of  biogas,  that  contains 
mainly  CH4  and  C02.  Methane  may  be  a  source  of  renewable 


energy  producing  electricity  in  combined  with  heat  and  power 
sectors  [13].  The  Organic  Loading  Rate  (OLR)  and  hydraulic  reten¬ 
tion  time  are  two  major  parameters  purposes  for  sizing  the 
digester  and  their  optimum  values  are  specific  to  the  substrate 
as  well  as  the  operating  temperature  of  digester  [14],  Several 
studies  have  been  conducted  by  many  researchers  to  increase 
biogas  yield  from  biomethanation  of  wastes.  An  effort  to  improve 
biomass  conversion  efficiency  and  biogas  yield  by  using  different 
pre-treatment  methods  [15-17],  optimization  of  biomethanation 
fresh  water  hyacinth  [18];  and  effects  of  particle  size,  plant 
nitrogen  content  and  inoculum  volume  [19], 

2.2.  Digester  plants 

Digester  plants  are  constructed  of  a  55-gallon  plastic  drum  laid 
horizontally  at  15°F,  plumbed  with  an  inlet,  and  two  outlets  for 
wasting  out  light  and  heavy  solids.  The  digests  are  all  insulated 
temperatures  maintained  at  approximately  100  F.  Surface  to 
volume  ratio  for  the  fixed-film  digester  was  approximately  45  m3 
whereas  the  same  ratio  for  the  control  was  roughly  9  m3.  Fed 
material  was  agitated  and  screened  through  a  1.5”  x  2.5”  mesh  to 
remove  large  solid  particles  over  1.5”.  The  loading  rate  was 
determined  by  measuring  a  set  quantity  of  fresh  vegetable  waste 
loaded  daily  into  individual  tanks,  indicated  by  gradually  on 
floating  depth  indicators.  Biogas  production,  using  a  water  dis¬ 
placement  device  designed  and  carbon  dioxide  content,  recorded 
daily.  Biomethanation  is  a  feasible  and  effective  method  of  treat¬ 
ment  of  vegetable  waste  generated.  Vegetable  wastes  are  solid 
organic  waste  having  high  calorific  value  and  nutritive  value  to 
microbes  that’s  why  the  efficiency  of  methane  production  be 
increased  by  higher  order  [20],  The  waste  causes  health  hazards, 
and  also  a  risk  of  epidemic. 

3.  Different  vegetable  wastes  and  their  methane  yields 

Most  of  the  researchers  [21-30],  have  noted  down  that  the 
Municipal  Solid  Waste  (MSW)  generation  rates  in  the  small  towns 
are  lower  than  those  of  major  cities,  and  the  per  capita  pace  of 
MSW  in  India  ranges  at  0.2  to  0.5  kg/day.  In  1980,  Stewart 
described  the  potential  use  of  oats,  grass  and  straw  in  New 
Zealand,  results  methane  yields  of  170-280  m3.t-l  TS  [72],  Even 
water  hyacinths  and  fresh  water  algae  were  shown  to  result  in 
medium  methane  yields  choose  between  150-240  m3.t- 1  TS. 
Recent  German  practical  experience  showed  mean  methane  yields 
of  348  m3/t  VS  for  maize  and  380  m3/t  VS  for  barley  [31], 

Fruits  and  Vegetable  waste  were  an  aerobically  digested  in  a 
microbiological  foments  laboratory  scale  reactor  at  mesophilic 
conditions.  Each  has  the  biogas  yield  as  0.429-0.568  L/g  VS  fed. 
[32];  and  fruit  waste  the  yield  ranged  from  0.18-0.732  vegetable 
waste  0.19-0.4  L/g  VS  added  [33],  0.2-0.63  L/g  of  VS  added  [34], 
[35]  checked  the  feasibility  of  using  2.5  liter  capacity  of  amber 
colored  bottle  for  the  production  of  biogas  9.22  L/kg  TS  added  to 
banana  waste  and  1.69  L/kg  TS  added  on  coir  pith.  An  organic 
fraction  of  municipal  solid  waste  uses  a  minimum  production  of 
biogas  on  5  liter  capacity  of  laboratory  scale  digester  [36], 
Researchers  have  reported  that  the  biogas  yield  of  0.36  L/g  VS 
fed.  The  municipal  garbage  for  the  production  of  biogas  of  0.485- 
0.5  L/g  VS  fed  was  used  normally  [37], 

The  studies  showed  that  the  maximum  biogas  yields  sources 
such  as  Korean  food  waste  [38],  Pineapple  processing  waste  [39], 
Mango  peel  [40],  Banana  and  pineapple  waste  [41],  Potato  waste 
and  sugar  beet  leaves  [42],  Banana  stem  waste  [43],  Vegetable 
waste  [44],  Anaerobic  co-digestion  of  grass  silage,  sugar  beet 
tops  and  oat  straw  with  cow  manure  was  evaluated  by  [69]  in 
semi-continuously  fed  laboratory.  The  highest  specific  methane 
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yields  of  268,  229  and  213  1CH4  kg-1  VS  added  in  co-digestion  of 
cow  manure  with  grass,  sugar  beet  tops  and  straw,  respectively, 
were  obtained  when  feed  with  30%  of  yield  in  the  feedstock. 
Wastes  as  Banana  stem,  Cabbage  and  Ladies  finger  are  aerobically 
digested  in  a  scale  reactor  at  mesophilic  conditions.  The  study 
reports  that  the  standard  methane  substance  in  the  biogas  was 
65%  and  also  the  methane  yield  was  0.3871  CH4/g  [45], Rice  and 
wheat  straw  added  to  cattle  dung  slurry  and  digested  aerobically, 
they  have  produced  gas  increased  from  176  to  331  1/kg  total  solids 
with  100%  rice  straw  and  to  194  1/kg  total  solids  with  40%  wheat 
straw  [46-47], 

Vegetable  wastes  such  as  pumpkin,  brinjal  and  cabbage  yield  a 
minimum  production  of  Protease  by  fermentation  sugar  mill  press 
mud  waste  [29]  sings  aspergillusniger.  The  paper  reported  that 
about  0.787  U,  0.627  U  and  0.886  U  of  protease  per  gram  of 
substrate  respectively  [48],  The  substrate  concentration  of  bio- 
methanation  of  water  hyacinth  was  carried  out  for  60  days  at 
mesophilic  condition  by  various  the  substrate  concentration  from 
3%  to  11%  in  250  ml  biodigesters.  The  digester  with  7%  substrate 
concentration  produced  maximum  biogas  of  0.289  1  (g  VS)-1  and 
kinetic  parameters  P,  Rm  and  X  were  0.309  1  (g  VS)-1;  0.0157  1  (g 
VS)-ld-l  and  27.337  days  respectively  [49].The  investigation  of 
banana  peels  [50],  higher  rate  of  degradation  and  showed  a  high 
biogas  yield  of  400  ml/g.  TS.  The  rapid  degradation  of  banana 
peels,  the  biogas  production  extends  over  a  30  d  period.  This 
investigation  requires  clear  identification  that  on  which  stage  of 
anaerobic  digestion  is  retarded  [51  [.The  anaerobic  batch  digestion 
tested  for  FVW  [51];  under  both  mesophilic  and  thermophilic 
conditions.  The  results  showed  that,  under  mesophilic  and 
thermophilic  conditions,  the  mixture  of  vegetable  wastes  was 
quickly  digested,  and  the  first-  order  kinetic  constant  around 
8.4  x  10_3-4.1  x  10-3  1  / h  gvss  was  estimated  for  these  materials  [52], 

The  gas  production  was  consists  50%  of  cow  dung  (1:1)  and 
increasing  the  cow  dung  proportion  with  vegetable  waste  gas 
generation  decreases  beyond  the  50%.  Hence  for  vegetable  waste 
cow  dung  should  be  added  with  the  same  percentage  for  optimum 
gas  generation  and  each  have  added  to  stream  to  dilute  the  organic 
substances  and  to  increase  the  breeding  of  micro-organism.  If  the 
fruit  waste  is  lesser  degradable  it  needs  the  double  amount  of  cow 
dung  to  digest  it  properly  and  increasing  the  gas  yield  [10],  The 
COD/N  ratio  of  FVW  is  balanced,  being  around  100/4  and  therefore, 
no  nitrogen  was  added  to  the  reactors.  In  fact  the  optimum  C:  N 
ratio  for  microbial  activity  involved  in  bioconversion  of  vegetable 
biomasses  to  methane  is  100-128:4  [53].In  current  years,  greater 
awareness  is  being  known  to  treat  the  wastes  chemically  or 
biologically  to  get  useful  by-product  before  the  end  of  disposal. 
For  many  reasons  the  anaerobic  act  of  fruit  wastes  to  generate 
biogas  has  been  absorbed  reasonable  interest  of  researchers.  The 
study  reveals  that  on  anaerobic  treatment  of  food  dealing  out 
wastes  [54],  Wastes  of  human  origin  [55], 


4.  Analytical  methods 

4.1.  India  Growth  on  Fruits  and  Vegetable  Production 

India  is  a  second  largest  producer  of  Fruits  and  Vegetables  in 
the  humanity.lt  contributes  as  regards  10%  and  14%  of  Fruit  and 
Vegetable.  Vegetable  Wastes  are  created  by  harvesting,  transpor¬ 
tation,  storage,  marketing  and  processing.  India  produces  150 
million  tonnes  of  fruits  and  vegetables  and  generates  50  million 
tonnes  of  wastes  per  annum.  Therefore  it  becomes  necessary  to 
develop  appropriate  waste  treatment  technology  for  vegetable 
wastes  to  minimize  green-house  gas  emission  [67],  In  accordance 
with  the  fast  growing  population,  the  demand  for  energy  and  the 
discharge  of  waste  are  increasing  day  by  day.  To  overcome  the 


energy  crisis,  the  renewable  energy  source  has  been  the  remedy  as 
of  now. 

Anaerobic  Digestion  is  a  biological  process  that  occurs  naturally 
when  bacteria  breaks  down  of  organic  matter  into  biogas  with  no 
oxygen.  It  is  effectively  a  controlled  and  enclosed  version.  Anae¬ 
robic  Digestion  produces  60%  methane  and  40%  carbon  dioxide 
(C02).  It  can  be  burned  to  produce  heat  or  electricity.  If  it  is  used  to 
generate  electricity  the  biogas  needs  to  be  cultured  and  then 
power  the  AD  process  or  be  supplied  to  the  national  grid  and  for 
homes  [70j. 

4.2.  Vegetable  waste  as  a  substrate  for  biomethanation 

The  vegetables  are  cultivated  seasonally  and  the  waste  gener¬ 
ated  varies  considerably  in  quantity  and  composition.  Therefore  it 
is  necessary  to  study  the  effects  of  variation  in  the  composition  of 
vegetable  wastes  on  the  performance  of  anaerobic  digestion 
process  [71],  Generation  of  energy  from  waste  is  beneficial  in 
many  ways.  It  is  almost  suitable  for  eco-friendly  waste  disposal 
and  also  for  energy  generation.  To  reduce  the  harmful  emissions  of 
carbon  dioxide  (C02)  released  during  the  production  of  electricity, 
there  has  been  an  increasing  focus  on  sources  of  renewable 
energy,  such  as  biomass.  Developing  a  biomethanation  process 
for  several  kinds  of  substrate,  parameters,  designs  and  the  quality 
of  the  substrate  for  evolving  a  technology  process. 

4.3.  Availability  of  vegetable  waste 

All  cities,  districts  and  tensile  have  vegetable  market  that  produces 
plenty  of  vegetable  waste  irrespective  of  the  size  of  the  market.  These 
wastes  are  to  be  weigh  to  50  tons.  Thus,  the  huge  quantity  of  such 
vegetable  waste  is  being  fashioned  daily.  In  India,  around  400  districts 
with  4000  towns  and  market  places  are  having  large  vegetable 
markets.  Approximately  the  total  amounts  of  vegetable  wastes  pro¬ 
duced  around  50,000  tonnes  at  all  these  places.  A  ton  of  vegetable 
waste  produced  was  about  90  Cu  M  of  biogas  per  day  If  a  hardly  any 
thousand  biogas  plant  possibly  to  be  installed,  this  waste  could  be  an 
important  source  of  biogas.  It  will  therefore  be  useful  to  expand  an 
expertise  for  the  make  use  of  this  substrate,  pleasing  into  reflection  its 
features.  The  input  capacity  of  the  future  plant  was  proposed  to  be 
about  fifteen  tonne  of  vegetable  waste  per  day.  The  proposed  study  on 
biogas  plant  can  be  established  in  the  market  yard  in  the  year  2015. 

4.4.  Characteristics  of  vegetable  waste 

Vegetable  waste  is  generally  perished  or  bungled  vegetable, 
unfit  for  individual  consumption.  This  material  is  naturally  high  in 
tough  content.  In  the  market,  the  composed  waste  material  typi¬ 
cally  varies  from  street  sweepings  and  dead  trash  as  rags,  metals 
etc.  It  is  necessary  to  have  an  arrangement  of  the  vegetable  waste 
component  is  detached.  Besides,  these  vegetables  are  usually  in 
diverse  sizes,  shapes  and  forms.  Each  needed  to  be  cut  into  smaller 
pieces  to  form  slurry.  Vegetable  waste  has  a  dampness  content  of 
around  89%  and  75%  of  solids  present  are  volatile  solids.  The  carbon: 


Table  1 

General  Characteristics  of  vegetable  waste. 


S.  No. 

Parameters 

Values 

1. 

PH 

7 

2. 

Total  solids  (mg/L) 

9933 

3. 

Volatile  solids  (mg/L) 

4880 

4. 

Total  dissolved  solids  (mg/L) 

5590 

5. 

BOD  (mg/L) 

1200 

6. 

COD  (mg/L) 

3000 

7. 

Total  organic  carbon  (mg/L) 

1120 

V.  Jaiganesh  et  al.  /  Renewable  and  Sustainable  Energy  Reviews  40  (2014)  432-437 


435 


Table  2 

Performance  of  biomethanation  plant  at  CMDA  (K.  Sri  Bala  Kameswari,  et  al.,  2007). 


SI.  No 

Description 

Designed  Parameters 

Average  Performance  Observed 

1 

Throughput  capacity 

30  tonnes  per  day 

30  tonnes  per  day 

2 

Total  and  Volatile  Solids  Content 

25%-7.5  TPD 

9%-2.85  TPD 

Total  Solids 

74%-5.7  TPD 

75%-2.16  TPD 

Volatile  Solids 

3 

Average  Gas  Production 

2500  cum/day 

1143  cum/day 

4 

Specific  Gas  Production 

0.44  m3/kg  VS  fed 

0.53  m3/kg  VS  fed 

5 

Specific  Power  Generation 

0.44  m3/kg  VS  fed  biogas 

1.8  kwh/m3  of  biogas 

6 

Power  Generation 

5250  kwh/d 

2047  kwh/d 

7 

Net  Power  Export 

4780  kwh/d 

1279  kwh/d 

8 

Power  Consumption  by  the  Plant 

470  kwh/d 

768  kwh/d 

9 

Additional  power  drawn  from  TNEB 

- 

377  kwh/d 
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Fig.  1.  Different  stages  of  the  Biomethanation  Process  [18], 


nitrogen  ratio  of  the  mixed  waste  could  be  around  20:1  or  30:1.  The 
process  undergo  with  the  physical  and  chemical  characteristics.  The 
raw  material  vegetable  slurry  is  collected  from  a  biomethanation 
plant  for  vegetable  wastes.  The  sample  is  analysed  for  total  solids, 
volatile  solids,  total  dissolved  solids,  Organic  loading  rate(OLR), 
Oxidation  Reduction  potential  (ORP),  Hydraulic  Retention  time 
(HRS),  Temperature  i.e.  Mesophilic  (30-35  C)  BOD  and  total  organic 
carbon  using  standard  methods  [56],  COD  as  biodegradable  COD  be 
determined  using  standard  methods.  The  pH  of  the  slurry  is 
measured  using  a  digital  pH  meter.  The  characteristic  of  the 
vegetable  waste  is  given  in  Tables  1  and  2. 


5.  The  Biochemical  Process  of  Methane  Production 

Methane  production  rate  is  determined  in  different  organic 
loading  range.  The  kinetics  of  the  process  have  been  studied  using 
first  order  rate  equation  and  reported.  The  complete  degradation  of 
complex  organic  matter  into  methane  and  carbon  dioxide  requires 
the  involvement  of  various  microorganisms.  The  organization  of 
anaerobic  bacteria  into  different  tropic  groups  that  do  specific 
metabolic  transformations  during  the  degradation  of  organic  matter 
has  been  proposed  by  various  investigators  [57-59], 

Methane  fermentation  is  a  composite  process,  and  it  is  alie¬ 
nated  into  four  phases:  hydrolysis,  acidogenesis,  acetogenesis  and 
methanation  as  shown  in  Fig.  1.  The  individual  humiliation  steps 
are  carried  out  by  different  group  of  microorganisms,  which 
moderately  stand  in  syntrophic  interrelation  and  rest  with  diverse 
needs  on  atmosphere  [60],  Hydrolyzing  and  fermenting  micro¬ 
organisms  are  responsible  for  producing  mainly  the  stuffing  of 
acetate  and  hydrogen  and  changing  amounts  of  unstable  fatty 
acids  such  as  propionate  and  butyrate.  Hydrolytic  micro  organisms 
emit  hydrolytic  enzymes,  e.g.,  cellulose,  cellobiase,  xylanase, 
amylase,  lipase  and  protease.  A  compound  consortium  of  microbes 
particulates  in  the  hydrolysis  and  fermentation  of  untreated 
material.  On  the  whole  of  the  bacteria  are  rigorous  anaerobes 
such  as  Bactericides,  Clostridia  and  Bifidobacteria  [61], 


6.  Biomethanation  process  and  applications 

The  Bio-methanation  process  is  the  essential  processes  for 
treating  the  Bio-  degradable  portion  of  Municipal  Solid  Waste.  In 
this  process  the  organic  matter  is  converted  into  biogas  that  is  the 
useful  form  of  energy.  In  the  bio-methanation  process,  the  bio¬ 
methanation  process  reactor,  called  Bio-digest  is  used  in  which  the 
temperature  and  atmosphere  is  controlled  by  the  process  to  occur. 
Depending  on  the  feedstock,  method  of  operation,  volume  of  the 
digester,  the  sternness  of  health  and  environmental  consequences 
due  to  biomethanation  that  varies  considerably. 

For  energy  absorption  two-stage  digester  systems  are  ideal  that 
consist  of  a  high-  loaded  chief  fermenter  and  a  low-loaded 
secondary  fermenter  in  sequence,  that  treats  the  digestate  from 
the  primary  stage.  The  evaluation  of  61  farm  plants  has  exposed 
that  two-stage  digestion  results  in  superior  gas  yields  and  a 
condensed  residual  methane  potential  of  the  digester  [62],  A 
classic  flow  chart  of  a  two-stage  plant  is  shown  in  Fig.  2  [68], 

In  two-stage  digestion,  hydrolysis  and  methanation  takes  place  in 
both  reactors.  For  achieving  an  improved  metabolization  of  solid 
untreated  compounds  into  readily  biodegradable  carbonic  acids,  the 
function  of  two-phase  reactors  with  a  detach  hydrolysis  stage  are 
advantageous,  since  the  ideal  pH  range  for  hydrolysis  (5.5-6.5)  and 
methanation  (6.8-7.2)  is  different  [63-64],  A  drawback  of  two-phase 
digestion  is  the  complicated  control  of  process  and  process  para¬ 
meters.  In  a  broken  hydrolysis  stage,  methane  and  hydrogen  can  be 
formed  in  an  outsized  extent,  that  causes  energy  losses  and  has  a 
negative  atmosphere  effect  when  the  hydrolysis  gas  is  emitted  to  the 
atmosphere  [65].  Therefore,  a  gas  tight  casing  of  the  hydrolysis 
fermenter  is  usually  necessary  to  avoid  energy  losses  and  emissions 
of  climate  significant  gases  and  stinking  substances. 

Almost  wet  fermenters  are  operated  at  mesophilic  tempera¬ 
tures  with  optima  values  of  38  and  42  °C,  and  few  biogas  plants 
use  thermophilic  circumstances  on  50  and  55  °C.  At  higher 
temperatures,  the  squalor  rate  is  faster,  and  thus,  shorter  HRTs 
and  minor  reactor  volumes  are  required  and  the  essential  methane 
yield  from  organic  stuff  is  not  influenced.  Decreasing  the  tem¬ 
perature  to  50  C  or  below  reduce  the  toxicity  of  ammonia,  but  the 
expansion  rate  of  the  thermophilic  microorganisms  that  falls 
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Dilution  water 


Fig.  2.  Process  flow  diagram  [68], 


drastically,  and  a  peril  of  washout  of  the  microbial  population  is 
capable  of  occur,  a  growth  rate  inferior  at  actual  HRT  [66], 


7.  Conclusions 

The  traditional  role  of  agriculture  in  energy  supply  was  lost  in 
the  more  recent  past,  when  petrol  /  diesel  driven  vehicles  replaced 
horses.  Biomass  used  to  be  the  main  source  of  energy  up  to  the 
early  20th  century.  The  other  things  needed  daily,  e.g.  food,  fodder, 
fertiliser,  fibres  etc.,  have  also  been  derived  from  biomass.  With 
the  progressive  depletion  of  fossil  raw  materials,  biomass  again 
become  an  important  raw  material,  both  for  material-  and  energy 
production.  Microbial  energy  conversion  processes,  e.g.  biogas 
production,  offer  several  substantial  advantages. 

In  many  countries  worldwide  anaerobic  digesters  are  used  to 
generate  CH4  in  the  form  of  biogas  as  a  source  of  energy  with 
modern  generating  technology.  Conventional  biogas  is  not  com¬ 
pletely  eco-friendly.  The  energy  exchange  plant  has  resulted  into 
80%  turn  down  in  CHG  emissions  by  this  measure  of  waste, 
capturing  of  methane  utilization  for  the  generation  of  electricity. 
The  benefits  associated  with  biomethanation  are  many  and  are 
well  known.  The  use  of  biogas  for  cooking  and  lighting  in  rural 
areas  and  drastically  reduce  the  depletion  of  natural  resources  on 
forests.  However,  in  the  absence  of  a  proper  technological  up- 
gradation,  operation  and  management,  this  valuable  technology 
become  a  source  of  environmental  problem  both  at  local  level  and 
of  global  magnitude.  This  paper  concludes  that  the  scope  was  to 
develop  a  biomethanation  process  for  recycling  the  market  waste 
properly.  The  native  biomethanation  technology  was  the  starting 
point  of  view  of  cleanness  and  suitability  to  ambient  Indian 
conditions.  The  proposed  process  technologies  are  to  construct, 
and  simple  to  sustain,  at  the  hands  of  the  availability  in  places.  The 
automation  was  kept  at  the  tiniest  possible  level  about  to  reduce 
energy  inputs  in  the  operation.  The  aim  was  10%  of  the  generated 
energy  in  the  developed  operation.  The  profitable  viability  was  to 


be  an  important  reflection.  The  organization  of  waste  in  a  clean 
exceptional  process  that  give  a  location  friendly  solution  to  the 
pollution  problem. 

Acknowledgement 

The  authors  are  extremely  thankful  to  the  referees  for  their 
valuable  comments  and  suggestions  which  contributed  signifi¬ 
cantly  to  improve  the  quality  of  the  paper.  The  authors  are  also 
thankful  to  the  Management  of  SA  Engineering  College  for 
motivation  and  encouragement. 

References 


[1]  EIA.  Energy  Information  and  Administration,  International  Energy  Statistics; 
2010. 

[2]  IEA.  World  Energy  Outlook.  Paris:  International  Energy  Agency;  2006. 

[3]  IPCC.  Special  report  on  emission  scenarios,  Intergovernmental  Panel  on 
Climate  Change;  2000. 

[4]  Venkateswara  RP,  Baral  SS,  Dey  R,  Mutnuri  S.  Renewable  Sustainable  Energy 
Rev  2010;14:2086-94. 

[5]  Widiasa  Johari  Budiyano  IN,  Sunarso  S.  Increasing  biogas  production  rate  from 
cattle  manure  using  rumen  fluid  as  inoculums.  International  Journal  of 
Chemical  and  Basic  &  Applied  Sciences  2010;10(l):68-75. 

[6]  Sen  Z.  Global  warming  threat  on  water  resources  and  environment:  a  review. 
Environmental  Geology.  2009;57:321-9. 

[7]  Khoiyangbam  RS.  Environmental  Implications  of  Biomethanation  in  Conven¬ 
tional  Biogas  Plants.  Iranica  Journal  of  Energy  &  Environment  2011  ;2(2):181— 7. 

[8]  MoPNG.  Annual  Report  2004-2005  Ministry  of  Petroleum  and  Natural  Gas, 
Government  of  India,  New  Delhi;  2005. 

[9]  Ofoefule  AU,  Uzodinma  EO,  Onukwuli  OD.  Comparative  study  of  the  effect  of 
different  pretreatment  methods  on  biogas  yields  from  water  Hyacinth.  Int.  J.  of 
Phy.Sci.  2009;8(4):535-9. 

[10]  Sarkar  AN.  Research  and  development  work  in  biogas  Technology.  J.  Scientific 
and  Industrial  Res  1982;41:279-91. 

[11]  Weiland  P.  Appl.  Microbiol.  Biotechnol.  2010;85:849-60. 

[12]  Banerjee  Saikat.  Studies  on  Biomethanaton  of  Distillery  wastes,  Ph.D  Thesis. 
Kolkata:  Jadavpur  University;  2005. 

[13]  Clemens  J,  Trimborn  M,  Weiland  P,  Amon  B.  Mitigation  of  greenhouse  gas 
emissions  by  anaerobic  digestion  of  cattle  slurry.  Agriculture,  Ecosystems  and 
Environment.  2006;112:171-7. 


V.  Jaiganesh  et  al.  /  Renewable  and  Sustainable  Energy  Reviews  40  (2014)  432-437 


437 


[14]  Romano  Rowena  T,  Zhang  Ruihong.  Co-digestion  of  onion  juice  and  waste- 
water  sludge  using  an  anaerobic  mixed  biofilm  reactor.  Bioresource  Technol¬ 
ogy  2007  (In  Press). 

[15]  Ofoefule  AU,  Uzodinma  EO,  Onukwuli  OD.  International  Journal  of  Physical 
Science  2008;4(8):535-9. 

[16]  Callaghan  FJ,  Wase  DAJ,  Thayanithy  K,  Forster  CF.  Bioresource  Technology 
1999;67(2):  117-22. 

[17]  Gelegenis  J,  Georgakakis  D,  Angelidaki  I,  Mavris  V.  Renewable  Energy.  2007;32 
(13):2147-60. 

[18]  Patil  Jagadish  H,  AntonyRaj  MALourdu,  Gavimath  CC.  International  Journal  of 
Chemical  Sciences  and  Applications  2011;2(l):86-90. 

[19]  Moorhead  KK,  Nordstedt  RA.  Bioresource  technolog  1993;44:71-6. 

[20]  Prakash  EV,  Singh  LP.  Biomethanation  of  vegetable  and  Fruit  waste  in  co¬ 
digestion  Process.  Int.  Jr.  of  Emerging  Tech,  and  Advanced  Engineering  2013;3 
(6):493-5. 

[21]  Siddiqui  T.Z.,  Siddiqui  F.Z.,  Khan  E.,  Sustainable  development  through  inte¬ 
grated  municipal  solid  waste  management  (MSWM)  approach  -  a  case  study 
of  Aligarh  District.  In:  Proceedings  of  National  Conference  of  Advanced  in 
Mechanical  Engineering  (AIME-  2006),  Jamia  Millia  Islamia,  New  Delhi, 
India.2006;  1168-1175. 

[22]  Sharholy  M.,  Ahmad  K.,  Mahmood  G.,  Trivedi  R.C.,  Analysis  of  municipal  solid 
waste  management  systems  in  Delhi  -  a  review.  In:  Book  of  Proceedings  for 
the  second  International  Congress  of  Chemistry  and  Environment,  Indore, 
India.  2005;  773-777. 

[23]  Central  Pollution  Control  Board  (CPCB).  Management  of  Municipal  Solid 
Waste.  New  Delhi,  India:  Ministry  of  Environment  and  Forests;  2004. 

[24]  Kansal  A.  Solid  waste  management  strategies  for  India.  Indian  Journal  of 
Environmental  Protection  2002;22(4):444-8. 

[25]  Singh  SK,  Singh  RS.  A  study  on  municipal  solid  waste  and  its  management 
practices  in  Dhanbad-Jharia  coalifield.  Indian  Journal  of  Environmental 
Protection  1998;  18(11  ):850-2. 

[26]  Kansal  A,  Prasad  RK,  Gupta  S.  Delhi  municipal  solid  waste  and  environment  - 
an  appraisal.  Indian  Journal  of  Environmental  Protection  1998;18(2):123-8. 

[27]  Bhide  AD,  Shekdar  AV.  Solid  waste  management  in  Indian  urban  centers. 
International  Solid  Waste  Association  Times  (ISWA)  1998;1:26-8. 

[28]  Dayal  G.  Solid  wastes:  sources,  implications  and  management.  Indian  Journal 
of  Environmental  Protection  1994;14(9):669-77. 

[29]  Khan  RR.  Environmental  management  of  municipal  solid  wastes.  Indian 
Journal  of  Environmental  Protection  1994;  14(1  ):26-30. 

[30]  Rao  KJ,  Shantaram  MV.  Physical  characteristics  of  urban  solid  wastes  of 
Hyderabad.  Indian  Journal  of  Environmental  Protection  1993;13(10):425-721. 

[31  ]  KTBL:  Brochure  on  biogas  from  energy  crops.  Inpress.  KTBL,  D-64289  Darm¬ 
stadt;  2009. 

[32]  Lane  AG.  Laboratory  scale  anaerobic  digestion  of  fruit  and  vegetable  solid 
wastes.  Biomass  1984;5:245-59. 

[33]  Nallathambi  Gunaseelan  V.  Biochemical  methane  potential  of  fruits  and 
vegetable  solid  waste  feedstocks.  Biomass  and  Bioenergy  2004;26:389-99. 

[34]  Mtz-Viturtia  A,  Mata  -  Alvarez  J,  Cecchi  F.  Two  phase  continuous  anaerobic 
digestion  of  fruit  and  vegetable  wastes.  Resources,  conservation  and  recycling 
1995;13:257-67. 

[35]  Deivanai  K,  Kasturi  Bai  R.  Batch  biomethanation  of  bana  trash  and  coir  pith. 
Bioresource  Technology.  1995;52:93-4. 

[36]  Sundararajan  R,  Jayanthi  S,  Elango  R.  Anaerobic  digestion  of  organic  fractions 
of  municipal  solid  waste  and  domestic  sewage  of  Coimbatore.  Indian  Journal 
of  Environmental  Health  1997;39(3):193-6. 

[37]  Rao  MS,  Singh  SP.  Bioenergy  conversion  studies  of  organic  fraction  of 
municipal  solid  waste:  Kinetic  studies  and  gas  yield  -  organic  loading 
relationships  for  processes  optimization.  Bioresource  Technology.  2004;95: 
173-85. 

[38]  Cho  Jae  Kyoung,  Park  Soon  Chul.  Biochemical  methane  potential  and  solid 
state  anaerobic  digestion  of  Korean  food  wastes.  Bioresource  Technology. 
1995;52:245-53. 

[39]  Swaroopa  Rani  D,  Nand  Krishna.  Ensilage  of  pineapple  processing  wastes  for 
methane  generation.  Waste  Management.  2004;24:523-8. 

[40]  Madhukara  K,  Nand  Krishna,  Raju  NR,  Srilatha  HR.  Ensilage  of  mango  peel  for 
methane  generation.  Process  biochemistry  1993;28:119-23. 

[41  ]  Bardiya  Nirmala,  Somayaji  Deepak,  Khanna  Sunil.  Biomethanation  of  banana 
peel  and  pineapple  waste.  Bioresource  Technology.  1996;58:73-6. 

[42]  Parawira  W,  Murto  M,  Zvzuya  R,  Mattiasson  B.  Anaerobic  batch  digestion  of 
solid  potato  waste  alone  and  in  combination  with  sugar  beet  leaves.  Renew¬ 
able  Energy.  2004;29:1811-23. 

[43]  Kalia  VC,  Sonakya  V,  Raizada  N.  Anaerobic  digestion  of  banana  stem  waste. 
Bioresource  Technology.  2000;73:191-3. 

[44]  Mise  Shashikant  R,  Umakant  K.  Abande.  Anaerobic  digestion  of  vegetable  solid 
waste  as  a  method  of  solid  waste  management.  Journal  of  IPHE,  India 
1995;1:90-9. 


[45]  Velmurugan  B,  Alwar  Ramanujam  R.  Anaerobic  Digestion  of  Vegetable  wastes 
for  biogas  production  in  a  Fed-Batch  reactor.  Int.  Jr.  Emerg.  Sci.  2011 ;  1 
(3):478-86. 

[46]  Somayaji  D,  Khanna  S.  Biomethanation  of  rice  and  wheat  straw.  World  journal 
of  microbiology  &  biotechnology  1994;10:521-3. 

[47]  Smidt  Ena,  et  al.  Transformation  of  Biogenic  waste  materials  through 
anaerobic  digestion  and  subsequesnt  composting  of  the  residues  -  A  Case 
study.Dynamic  Soil,  Dynamic  plant.  Global  science  books;  2011. 

[48]  Gokul  CM,  Krithiga  R,  Sundaram  S,  Sheela  CS,  Soma  G,  Cherian  KM.  Utilization 
of  Vegetable  Wastes  for  production  of  Protease  by  solid  state  fermentation 
using  Aspergillusniger.  World  Journal  of  Agricultural  Sciences  2011  ;7 
(5):550-5. 

[49]  Shankar  BB,  Patil  JH,  Muralidhara  PL,  Ramya  MC,  Ramya  R.  Effect  of  substrate 
Concentration  on  biomethanation  of  water  hyacinth.  International  Journal  of 
Chemical,  Environmental  &  Biological  Sciences  2013;l(l):2320-4087. 

[50]  Sharma  SK,  Mishra  IM,  Sharma  MP,  Saini  JS.  Effect  of  particle  size  on  biogas 
generation  from  biomass  residues.  Biomass  1988;17:251-63. 

[51]  Nopharatana  A,  Pullammanappallil  PC,  Clarke  WP.  Kinetics  and  dynamic 
modelling  of  batch  anaerobic  digestion  of  municipal  solid  waste  in  a  stirred 
reactor.  Waste  Manage  2007;27:595-603. 

[52]  Converti  A,  DelBorghi  A,  Zilli  M,  Arni  S,  DelBorghi  M.  Anaerobic  digestion  of 
the  vegetable  fraction  of  municipal  refuses:  mesophilic  versus  thermophilic 
conditions.  Bioprocess  Eng  1999;21:371-6. 

[53]  Kivaisi  AK,  Mtila  M.  Production  of  biogas  from  water  hyacinth  in  a  two-stage 
bioreactor.  World  J  Microbiol  Biotechnol  1998;14:125-31. 

[54]  Wang  JY,  Xu  HL,  Tay  LH.  A  hybrid  two  phase  system  for  anaerobic  a  digestion 
of  food  waste.  Water  Sci.  Tech  2002;45:159-65. 

[55]  Rajesh  Banu  J,  Kaliappan  S,  Dieter  Beck.  Treatment  of  spent  wash  in  anaerobic 
thermophilic  suspended  growth  reactor  (ATSGR).  J.  Environ.  Biol.  2007;28: 
517-27. 

[56]  APHA.  AWWA  AND  WEF  “Standard  methods  for  the  examination  of  water  and 
wastewater”.  20th  edition.  Washington.  D.C:  Americal  Public  Health  Associa¬ 
tion,  American  Water  Works  Association  and  Water  Environmental  Federa¬ 
tion;  1998. 

[57]  Mclnerney  MJ,  Bryant  MP.  Metabolic  stages  and  energetic  of  microbial 
anaerobic  digestion.  London:  Applied  Science  Publishers,  Ltd.;  1980. 

[58]  Zeikus  JG.  Metabolic  communication  between  biodegradative  populations  in 
nature.  In:  Slater  JH,  Whittenbury  R,  Wimpenny  JWT,  editors.  Microbes  in 
their  natural  environment.  Society  for  General  Microbiology  Symposium  34. 
Cambridge:  Cambridge  University  Press;  1983.  p.  423-62. 

[59]  Zinder  SH,  Cardwell  SC,  Anguish  T,  Lee  M,  Koch  M.  Methanogenesis  in  a 
thermophilic  (58  °C)  anaerobic  digestor:  Methanothrix  sp.  as  an  important 
aceticlastic  methanogen.  Appl.  Environ.  Microbiol.  1984;47:796-807. 

[60]  Angelidaki  I,  Ellegaard  L,  Ahring  BK.  A  mathematical  model  for  dynamic 
simulation  of  anaerobic  digestion  of  complex  substrates:  focusing  on  ammo¬ 
nia  inhibition.  Biotechnol  Bioeng.  1993;42:159-66. 

[61]  Schink  B.  Energetics  of  syntrophic  cooperation  in  methanogenic  degradation. 
Microbiol  Mol  Biol  Rev.  1997;61:262-80. 

[62]  Gemmeke  B,  Rieger  C,  Weiland  P.  Biogas-Messprogramm  II,  61  Biogasanlagen 
im  Vergleich.  Giilzow:  FNR;  2009. 

[63]  Vieitez  ER,  Gosh  S.  Biogasification  of  solid  wastes  by  twophase  anaerobic 
fermentation.  Biomass  Bioenergy  1999;16:299-309. 

[64]  Parawira  W,  Read  JS,  Mattiasson  B,  Bjornsson  L.  Energy  production  from 
agricultural  residues:  high  methane  yields  in  a  pilot-scale  two-stage  anaerobic 
digestion.  Biomass  Bioenergy  2008;32:44-50. 

[65]  Oechsner  H,  Lemmer  A.  Was  kann  die  Hydrolyse  bei  der  Biogasvergarung 
leisten  VDI-Ber  2009;2057:37-46. 

[66]  Angelidaki  I,  Ellegaard  L,  Ahring  B.  Application  of  the  anaerobic  digestion 
process.  In:  Biomethanation  II,  editor.  Adv.  Biochem  Eng/Biotechnol.  Springer; 
2003.  p.  2-33. 

[67]  BalaKameswari  Sri,  Velmurugan  B.,  Thirumaran  K.,  Ramanujam  R.A.  Bio¬ 
methanation  of  Vegetable  Market  Waste-Untapped  Carbon  Trading  Opportu¬ 
nities.  Proceedings  of  the  Int.  Conference  on  Sustainable  Solid  Waste 
Management.  2011;  415-20. 

[68]  Sri  Bala  Kameswari  K.,  Velmurugan  B.,  Thirumaran  K.  and  Ramanujam  R.A. 
Biomethanation  of  Vegetable  Market  Waste  -  Untapped  Carbon  Trading 
Opportunities  Proceedings  of  the  International  Conference  on  Sustainable 
Solid  Waste  Management, 5-7  September  2007,  Chennai,  India;  415-420. 

[69]  Lehtomaki  A,  Huttunen  S,  Rintala  JA.  Laboratory  investigations  on  co-  diges¬ 
tion  of  energy  crops  and  crop  residues  with  cow  manure  for  methane 
production:  Effect  of  crop  to  manure  ratio.  Resources,  Conservation  and 
Recycling.  2007;51:591-609. 

[70]  Friends  of  the  Earth.  Briefing  Anaerobic  digestion.2007;  (http://foe.co.uk). 

[71]  Khandelwal  K,  Mahdi  C.  Biogas  Technology,  vol.  1.  NewDelhi:  Tata  Ma-Graw 
Hill  Publishing  Co.  Ltd.;  1989. 

[72]  Braun  R,  Peter  Weiland,  Arthur  Wellinger.  Bio  gas  from  energy  crop  digestion. 
IEA  Bioenergy  2007:1-18. 


